Rumex species are traditionally known to cure constipation, pain, inflammation, ulcer and tumor. The biological potential of Rumex nepalensis lies in chemical diversity of its constituents. In the present study, UPLC-DAD-MS method was developed for the concurrent estimation of polyphenols in Rumex species (R. nepalensis, R. hastatus and R. dentatus) and validated for linearity (r 2 > 0.999), limit of quantification and detection, inter and intraday precession, stabilities and recovery. The developed method has also been employed for metabolomic analysis of Rumex species. Qualitative and quantitative variation of polyphenols was observed among the aerial and root parts of Rumex species with highest content of polyphenol detected in aerial part of R. nepalensis. The quantitative data based matrix and HCA plot represents the variation of metabolites among the samples. R. nepalensis being widely used in traditional practices, was incorporated in detail. A total of seven molecules were isolated and characterized among which three compounds viz. 3-O-methyl epicatechin, quercetin-3-O-β-D-glucuronide and β-sitosterol-3-O-β-D-glucoside were isolated for first time from this plant. Eighteen metabolites were profiled in R. nepalensis using UPLC-MS/MS technique. Current comprehensive metabolomics approach will surely help in understanding the chemical diversity, discriminations and quality control analysis of raw materials and furnished products of Rumex.
Rumex genus includes about 250 species of annual, biennial and perennial herbs in family polygonaceae. Members of this family are commonly found in northern hemisphere but various species have been introduced almost everywhere. They are erect plants, usually with long tap roots [1] . The genus Rumex is well known for high percentage of anthraquinone derivatives along with other chemical constituents like flavonoids and triterpenes [2] . Extracts of different species reported to have biological activities such as diuretic, analgesic and anticancer etc. [1] .
Rumex hastatus (khatimal) is widely distributed in India and mostly found in Jammu and Kashmir, Himachal Pradesh, Uttaranchal states [3] . Traditionally, it is used in asthma, backache and rheumatism [4] . Chemical constituents reported from this plant is from different class of secondary metabolites that includes anthraquinones, naphthalenes, flavonoids and phenolic compounds [4] [5] [6] . The Rumex dentatus (Changeri) is mainly found in northern hemisphere of India and has been used against bacterial and fungal infection, dysentery, enteritis, acariasis and eczema [7] . Few anthraquinones and naphthalene derivatives were also isolated from this species [8] [9] . Whereas, R. nepalensis (Jangli-palak) is widely distributed in western Himalayan region from 800-4000 m and used in traditional practices to treat pain, inflammation, tumor and constipation problems [10] . The fresh leaves were used for colic and syphilic ulcers as described in the traditional literature [11] . A number of polyphenols including anthraquinones, flavonoids and sterols have been earlier reported [12] [13] [14] [15] . The earlier preclinical reports showed that chloroform and ethyl acetate extract of R. nepalensis roots have significant topical anti-inflammatory activity [16] . The Anthraquinone derivatives from this plant also showed cytotoxic [17] , antifungal [18] , anti-oxidant [19] , anti-inflammatory, cyclooxygenase (Cox-1 and Cox-2) inhibitory [16] and larvicidal activities [20] .
Although, HPLC based method has been reported for the determination and quantification of phenolic compounds in R. induratus [21] and anthraquinones and naphthalenes in root of R. nepalensis [22] . A quick, reliable and reproducible ultra performance liquid chromatography (UPLC) based method is still awaited. UPLC has numerous advantages over HPLC including less time consuming, improved particle size (1.7µm) and high flow rate with less solvent consumption at short run [23] . Therefore, a simple, fast, reproducible, precise and economical method for the simultaneous estimation of polyphenols in Rumex species is the need of current time. Hence, development of fast, precise method for the simultaneous estimation of polyphenols and metabolomics study of Rumex have been focused. Further, phytochemical investigations for the isolation and characterization of molecules present in tradtionally most important R. nepalensis species have also been attempted. equation was obtained and correlation coefficient > 0.991 were found for each standard at λ = 390 nm. RSD % for physcion (18) , chrysophanol (16) Polyphenolic variations among three species of Rumex: The developed UPLC-DAD method was applied for simultaneous detection & quantification of nine major polyphenols in the root and aerial parts of Rumex species. The concurrent separation of nine major polyphenols in all the samples were achieved using gradient elution at 390 nm ( Fig.1 and Fig. SI.1a & 1b) . The highest concentration of chrysophanol, chrysophanol glycoside and emodin (3.37, 1.23, 0.38 ng/µg, respectively) were found in roots of R. nepalensis while emodin glycoside (3.5 ng/µg) was in aerial parts of R. nepalensis. Physcion (4.33 ng/µg) was enriched in aerial parts of R. hastatus while quercetin dihydrate and rutin hydrate (0.76 and 7.07 ng/µg, respectively) were in aerial parts of R. dentatus. The detailed description was highlighted in Table 2 . Aloe-emodin was detected in traces in R. hastatus. Emodin-8-O-β-D-glucopyranoside was not observed in aerial parts of R. dentatus while quercetin dihydrate and rutin hydrate were also absent in the root parts of Rumex species. Total percentage of these nine polyphenols was found highest in R. nepalensis followed by R. dentatus and R. hastatus, respectively. This could be one of the possible reasons for the use of R. nepalensis by the traditional healers. Quercetin dihydrate and rutin were only detected in aerial parts of Rumex species and could be a discrimination marker to differentiate the roots and aerial parts of Rumex. Moreover, earlier reports showed the presence of luteolin in Rumex species but it was not found in samples under the current study [5] [6] . 
m/z 443 [M+H]
+ and found its daughter ions at 425 by the loss of water molecule (18 amu). The fragment ions at 379, 290 represents the similarity with epicatechin after loss of gallate moiety (153 amu) and 274 after removal of gallic acid (169 amu) formed during fragmentation. Therefore, the peak mass and its fragments showed the credentials for epicatechin-3-O-gallate (3) [24] . The m/z 391 [M+H] + was found for peak 4 while its fragments 375 after removal of water (18 amu), 274, 228 represents the peak of resveratrol after removal of 163 units and 212 after loss of glucose moiety (169 amu). The molecule is identified as polydatin (4) and daughter ions at m/z 447 and 302 which represents the loss of rhamnoside (146 amu) and rutinose (308 amu) units, respectively [27] . Peak 6 showed the prominent m/z 447 [M+H] + for physcion-8-O-β-D-glucopyranoside (6) which was subsequently fragmented giving ions at m/z 430 removal of H 2 O (18 amu), 416 after removal of methoxy group (30 amu) and 284 represents a prominent peak for physcion after removal of 163 units [28] . Peak 7 showed the mass spectrum with molecular ion peak at m/z 395 [M+H] + with daughter ion m/z 233 after removal of glucose moiety (162 amu) and identified as rumexoside, (7) [29] . The protonated ion peak m/z 579 [M+H] + with representative fragment ions m/z 417 after elimination of one rhamnose unit (162 amu), 381 and 274 at peak 8 and represents the presence of Kaempferol-3,7-di-α-L-rhamnoside (8) [30] . The m/z 217 [M+H] + was observed at peak number 9 and showed the Nepodin (9) fragmentation pattern as m/z 209, 199 and 174 after removal of acetyl group (43 amu) [16] Conclusion: UPLC-ESI-MS method was developed for simultaneous estimation of targeted polyphenols in different parts of Rumex species of western Himalayan region. UPLC-coupled with Q-TOF MS also helps for the tentative identification of eighteen polyphenols in traditionally important R. nepalensis. Significant variations among the composition of compounds in different parts as well as in different species were observed. Hence, the comprehensive information about major metabolites through metabolomics approach helps to understand the chemical diversity of the plant, discriminations and quality control analysis of raw materials and furnished products. Moreover, seven molecules from Calibration curves were drawn for all standard molecules using serially diluted standard mixtures. Linear regression equations were generated for all standard molecules to analyse the data.
LOD and LOQ values were calculated using serial dilution method. Calculations for LOD and LOQ were based on S/N of 3:1, respectively. Precision was determined by inter-and intra-day analysis. Six replicate injections of standard mixture were analysed on same day and for three successive days with same extraction method for analysing repeatability and reproducibility of metabolites. Accuracy was determined using series of recovery experiments. The recovery was determined by adding known quantity of the standard mixture to 100 mg of sample.
Metabolomic analysis
UPLC-DAD-MS based targeted polyphenolic variations among the Rumex species: All the samples from Rumex species were subjected for the estimation of major nine polyphenols using our developed and validated method. Moreover, the principal component analysis (PCA) and hierarchical cluster analysis (HCA) were also performed with past software [38] and Microsoft excel-2008 for data analysis.
UPLC-MS/MS based metabolite/polyphenolic profiling of R. nepalensis:
Comprehensive metabolite/polyphenolic profiling has been done using UPLC-MS/MS with developed method for Rumex. Identification was done using standards comparison, rt, UV λ max, exact mass, mass fragmentation and literature reports.
Extraction and isolation of R. nepalensis: Whole plant of R. nepalensis was powdered (2.5 kg) and extracted with methanol: water mixture (80: 20) using percolation for 24 hours and the same material was repeated two times at 36 hour and 48 hours. The combined percolates were poured together and dried using rotaevaporator at temperature 47 +5 °C to get 320 g (12.8 %) dried extract. Further the extract was suspended in water and fractionated with different polarity solvents viz. n-hexane (7 g, 2.19 %), ethyl acetate (22 g, 6.9 %), n-butanol (39 g, 12.18 %). Ethyl acetate and n-butanol fractions were subjected for isolation and characterization of lead molecules. The 16 gm of ethyl acetate fraction was dissolved in methanol and slurry was prepared in 60-120 silica gel. Column was packed with silica gel H using hexane as solvent and eluted using n-hexane: 
